The transfer of certain electrolytes (Na22, C136, K42 and P3204) from the isolated urinary bladder to the plasma compartment was studied in the dog. The rate of transfer was shown to be a function of the PH of the bladder contents over a range of 5 through 8. It was also shown that the rate of transfer was decreased by addition of common ion. Na22 and C136 showed greater rates of transfer than did P3204 and K42. However, PH influences held true for all isotopes. No active mechanism of transfer could be demonstrated and it was concluded that ion exchange was the probable explanation for the transfer process.
S the middle
of the 19th century numerous investigators have been interested in the possibility of the passage of solutes from the lumen of the urinary bladder into the blood stream and body fluids. These early experiments produced equivocal results probably for two reasons: a) the substances employed in many cases were toxic and nonphysiological, and b) the analytical procedures were not of sufficient accuracy to determine disappearances of small magnitude from large volumes. Thus, in reviewing this subject in 1901, Cohnheim (I) concluded that the urinary bladder was impermeable to normal urinary constituents except in cases of injury or disease. Subsequently, numerous clinical reports have indicated uptake of drugs and toxic substances especially in patients with bladder disease. After the introduction of sulfanilamide, it was found that this drug, when introduced into the bladder of dogs, appeared in significant amounts in the serum (2) .
However, the problem of transfer of normal urinary constituents and the possible significance of this transfer in clinical problems, such as prostatic obstruction, remained unsolved. Recently, the use of radioisotopes has allowed a more physiologic approach to the study of this problem. Johnson et al. ( 3) demonstrated that the bladder was permeable to water in the forms of H& and I)&. Burgess et al. (4) reported absorption from the bladder of small amounts of the radioisotopes of phosphorus, mercury and gold. The current study (using isotopic techniques) was undertaken to evaluate the rate and mechanism of transfer of normal urinary electrolytes across the urinary bladder of the dog. Na22 and CP were selected as representative of the extracellular electrolytes and I'32 (as phosphates) and K42 as representative of the intracellular group. It was soon found that many factors affected the rate and magnitude of transfer. The present paper is limited to a study of the effect of PH changes of the bladder fluid on the rate of transfer of the above-mentioned isotopes. Table I is a summary of the data obtained from experiments using aqueous solutions of the various isotopes. The percentage figures employed here were based upon the original amount of isotope instilled in the bladder. Thus, the maximum plasma recovery was the maximum percentage of the instilled dose measured in the plasma during the experimental period. The total recovery calculated at the end of each experiment, represents the amount of isotope recovered from the bladder, plus the amount recovered in the urine, plus the amount calculated to be in the plasma compartment. The total recoveries were less than IOO%, but this was not unexpected since it did not account for the amount of isotope in body fluids outside the plasma. In the case of sodium, when recovery was calculated on the basis of estimated sodium space or measured thiocyanate volume, the 'body fluid' recovery figure was increased five to six times and the total recoveries approximated 100% in all the sodium experiments. Similar results were obtained in the chloride experiments.
METHODS

RESULTS
However, since it was not feasible to calculate an accurate body fluid space for K4" and P32, plasma recovery has been used ions (Na"" and CP6) manifested similar magnitudes of plasma recovery, which were considerably higher than those of 'intracellular' P32 at comparable PH levels. Another striking difference between these electrolytes appeared in the total urine recovery data. Na22 and C136 recoveries were very small, never approaching the maximum amounts found in the plasma. In the majority of experiments the cumulative recovery curves were smooth and tended to vary proportionately with the magnitude of the plasma recovery. Figure I shows examples of plasma recoveries as a function of time for the various isotopes employed in these experiments.
Na22 and C136 curves are slowly ascending and appear to be approaching a constant level. In contrast, the P32 and K42 curves consistently reach a constant level early in the experiment.
More variability is noted in the P32 and K42 curves; however, the consistency in reproducing these variable curves in repeated experiments lessens the possibility that they are due solely to technical error. In a few experiments involving Na22 and P3204 red cell recoveries were also measured; however, these recovery values, though greater, were always proportional to plasma values, indicating the latter to be representative of the recovery in the blood compartment.
From table I and figure I it is obvious that the PH of the instilled solution definitely influences the rate of transfer of these isotopes across the bladder.
Indeed, re-expression of plasma recovery data in graphical form ( fig. 2) clearly exemplifies the percentage recovery as a function of PH. The resulting curves consistently indicate maximum transfer at low PH values. It is possible that higher recoveries may be obtained at elevated p~1 levels (about that of normal urine), but this point was not investigated.
In two experiments, recoveries were obtained using instilled solutions at PH I. This pH value is, of course, completely outside the physiologic range; nevertheless, the plasma recoveries ( C13" and P32) were considerably higher (20 %) and in the same direction as predicted by figure 2. Having established the transfer of electrolytes across the urinary bladder, employing aqueous solutions, it was necessary to investigate this process in normal urine. Experiments similar to those previously described were carried out, using Na22 in normal urine with adjusted PH values to cover the range from 5 to 8. As a further study of the transfer process, Na2" was injected intravenously in a dog prepared as in previous experiments. Distilled water was placed in the isolated bladder and recoveries were measured by sampling the bladder contents at periodic intervals. After each sample, the same amount of fluid was returned to the bladder so that the volume in the bladder remained constant. Definite transfer of Na22 into the bladder contents was observed as shown in figure 4 . The magnitude of the transfer was small, but the curve plotted as a function of time had a similar shape to the Na22 curves of figure I .
In an effort to elucidate the phenomena of transfer across the urinary bladder, two experiments were attempted, employing drugs known t,o alter metabolic or transfer processes. In the first case, 3.5 gm (0.2 mg/kg) of phloridzin was given intravenously to a prepared animal and recoveries of P32 were studied in an identical manner to previous experiments.
In the second experiment, 35 u (I .7 u/kg) of hyaluronidase were c dyed in the same way. E+?th experiments were carried out at pn 7. In neither case did the pattern of plasma recovery differ significantly from the comparable P32 recovery pattern previously discussed.
DISCUSSION
These studies definitely show that transfer of solutes can take place across the urinary bladder, and in this respect are in agreement with recent studies (3, 4) showing transfer of water and other solutes. However, the rate of transfer appears to be a variable quantity dependent upon many factors and the delineation of these factors will be necessary to establish the significance of this transfer in physiological and pathological conditions. This transfer may be considerable;
for example, in these experiments at PH 5 and with aqueous solutions, the transfer of Na22 and C136 frequently exceeded 30%. Less transfer was obtained when normal urine was employed, but in several instances it approximated 15 %. Thus, one could speculate that a significant transfer of electrolytes across the urinary bladder might occur if physiological i.e. independence of the type of ion, ionic concentration, and other types of solutes, it appears that in some manner, PH alters the permeability of the bladder structure to these various ions.
Another factor which may be considered to influence electrolyte transfer is that of bladder surface area, even though this factor may have been minimized by the use of constant volumes of instilled solutions. It was assumed that the bladder size was proportional to the weight of the animal, and a comparison was made between the weights of the animals and the maximum transfer of isotope. Statistical analysis of these data for 35 animals resulted in a correlation coefficient of approximately zero ,l thus suggesting bladder surface area was not an important contributing factor in the transfer process.
The concentration of the common ion as well as that of other solutes in the bladder contents might be expected to affect electrolyte transfer across the bladder. Preliminary investigation into this phase of the problem indicated that a general decrease in transfer occurred when the stable ionic concentration common to the isotope under study was in- The present experimental evidence is insufficient to evaluate these factors.
There appears to be three mechanisms which might explain this transfer across the bladder; namely, diffusion, active cellular transfer, or ion exchange. Diffusion does not appear to be a likely explanation since under the conditions of these experiments the concentration gradient, expecially for sodium and chloride, was from plasma to bladder contents rather than in the reverse direction.
Furthermore, after injection of Na22 into the plasma, diffusion into the bladder contents was small and in no way comparable to the transfer from bladder to plasma. While active cellular transfer cannot be ruled out such procedures as administration of phloridzin, hyaluronidase and increasing of electrolyte concentrations in the instilled solution failed to give evidence supporting such a concept. Apparently ion exchange offers the best explanation. The shape of the time-recovery-curves and the behavior of transfer after increased electrolyte concentrations in the instilled solution favor this theory. For example, maximum transfer of Na22 occurred when minute concentrations were employed in carrier-free solution but upon increasing the stable sodium concentration, transfer rates decreased. Apparently, if ion exchange does occur, it is most likely to be significant only in a single direction. The effect may be at the cellular level and the variation with PH explained on the basis of alteration in membrane permeability.
